Abstract-Sequence Logo is a visualization method for displaying conservations characteristics of a sequence (DNA, RNA, proteins) motif profile obtained from either wet-lab or computational analysis. Usage of visualization in decision making carries some elements of subjectivity. In addition, people's decisions are often biased in favor of their proposed hypotheses. The objectives of this paper were to examine the biases in using sequence logo as an evaluation metric for transcription factor analysis and identify some critical weaknesses in sequence logo for possible future improvements. Document analysis and subject matter expert interviews method were used for information gathering. We found that sequence logo has been frequently misused to support the results obtained from computational transcription factor analysis. In addition, we suggest that current sequence logo can be improved in several aspects to support various users' needs and minimize elements of subjectivity in decision making.
INTRODUCTION
In scientific studies, visualization is important for communicating methodology or empirical result to readers. It aims to improve the quality and clarity of information presentation. Sequence logo [1] has been a popular and widely accepted method for visualizing motif composition of biological sequences in the past 20 years. A motif is the characteristic feature of transcription factor (TF) protein binding sites or short segments in protein/RNA sequences that have specific functional roles in cells. In this paper, we focus our study on DNA motif. A probabilistic motif profile of a TF, which is constructed from a set of real or putative binding sites, represents the specificity of binding sites it bound. The sequence logo shows the conservation property and relative frequencies of nucleotide symbols (i.e., A, C, G, T) in each position on a multiple-aligned binding sequences. This can facilitate the identification of a motif's characteristic signature. A sequence logo has typically used for several purposes in leading journal articles: (a) to illustrate motif characteristics obtained from wet-lab or computational analysis; (b) to compare and contrast motifs obtained in an evaluation study; or (c) as performance evaluation metric in various experimental studies including wet-lab or computational tools.
Despite being useful, the sequence logo has some apparent weaknesses. Since a logo only visualizes the summarized information in a motif, it has some associated risks when used for objective comparison purposes. The interpretation of a logo might be subject to the researcher's confirmation biases [4] . For example, in computational motif prediction, the raw binding sites used to generate the sequence logo are not known to a reader. As such, performance comparison of computational motif prediction tools based on logo could lead to inaccurate claims. In addition, the use of sequence logos for comparison purposes is relied on individual perception and experiences and therefore the interpretation can be very subjective [6] . As a result, some conclusion deduced from a visualized motif logo can be misleading and portray inaccuracies when use in some contexts of studies. Other than that, there could be mismatch in terms of the amount of information convey to the reader and how the information is perceived. That is, visualizations may appear more convincing and sound than they really are [6] . For example, the use of colors in a sequence logo can impress the reader more than the actual quality of the motifs presented. These weaknesses can, to a certain extent, jeopardize the quality and precision needed in scientific result publications.
Several novel and improved versions, based on the original sequence logo visualization methods, have been proposed. Reference [7] proposed CorreLogo to visualize RNA/DNA logos in 3D. RNAlogo was proposed to visualize RNA motif [8] . Two Sample Logo has extended the original sequence logo to include visualizing of statistical differences between two sets of sequence alignment [9] . Reference [10] proposed BerryLogo, a motif visualization method based on the log-odd scores instead of the information content used in the sequence logo. enoLogo allows visualization of logo based on the Both authors contributed equally in this study.
standard count matrix as well as binding energy matrix [11] . Despite many improvements recorded in the literature, the original sequence logo remains as the most widely used method in publications. The aims of this paper are (a) to identify biases associated with the use of sequence logo for information communication and decision making; (b) to identify the user needs on the use of the sequence logo; (c) to propose some possible improvements on the sequence logo. In this study, we focused our analysis on DNA motif profiles but our results are applicable to other types of sequences as well. This paper is organized into five sections. Section II presents the background on DNA motif profile visualization using sequence logo; Section III provides some interpretations on the sequence logo; Section IV present our document analysis and subject matter experts interview results; Section V gives the conclusion and possible future work.
II. BACKGROUND
The task of transcription factor analysis is to identify binding sites, i.e. short DNA sequences of 6-20 base-pairs (bp) in length located in the upstream or downstream of genes they regulate that are bound by TF proteins. Locating binding sites is critical because proteins-DNA interactions are involved in the regulation of the gene expression for the production of proteins. A motif profile of a TF represents the specificity of binding sites it recognizes (bound). Once some binding sites of a TF are available, its profile can be represented by using a Position Frequency Matrix (PFM) (a n × k matrix, where k is the motif length and n is the number of symbols) [12] . A PFM is obtained by counting the occurrences of symbols in each column of multiple alignment of a set of binding sites. Reference [3] showed the detail steps on how a motif profile is computed and how the sequence logo is generated. Figure 1 illustrates an example of a sequence logo obtained from the JASPAR database.
In transcription factor analysis, scientists are interested to identify the specificity of a TF protein-signature of the binding sites it recognizes [12] and the locations of these binding sites in the genome under study. Motif signatures can be identified with relatively ease using the sequence logo compared to PFM. Table I describes the core elements in a sequence logo.
A. Elements in a Sequence Logo

B. Usages of Sequence Logo
A sequence logo can be directly or indirectly used for many purposes in scientific studies related to transcription analysis. In the following discussion we summarize its usages.
1) Tools evaluation. To evaluate the effectiveness of a newly
proposed algorithm for solving a DNA motif discovery problem, researchers often use the ability to discover known motif profiles in benchmark datasets as measurement of a tool's success rates (e.g., in [5, 13] ).
A predicted motif is typically considered as true positive if the discovered motif profile, to a certain degree, is "similar" to an annotated profile. 
Nucleotides
The symbols A,C,G,T correspond to the four types of nucleotides (Adenine, Cytosine, Guanine, Thymine) that form a DNA sequence. These symbols are shaped to become the "bar" in the chart. Color Each nucleotide symbol is associated with a distinct color (users can choose to use gray scale as well). Primary colors are usually employed. There is no formal standard for the coloring scheme used. Height
The total height of the four stacked symbols indicates the conservation level measured by using the information content concept (max 2 bits) at a particular alignment column. Each symbol height represents its relative frequency.
Axes
The horizontal axis shows the actual positions relative the genes where they are located or simply showing positions in the multiple alignment columns. The vertical axis marks the relative frequencies and conservation level of symbols.
2) To support the usefulness of a biological methodology (e.g., ChIP-ChIP or microarray gene expression analysis) or computational framework (e.g., footprinting), sequence logo is used to visualize the motif profile obtained (e.g., in [14] [15] ).
3) Motif characteristic analysis. Sequence logo has been used to compare and contrast characteristics of different binding site specificities of the same TF. It is also being simply used to show the conservation property of a novel motif profile discovered by computational or biological analysis. Motif profile characteristic analysis will enable identification of regions in a motif profile that are preferences to be in contact with protein. Also, it helps in evolutionary rates analysis in different positions of a motif [16] .
From those usages, it can be seen that sequence logo plays an important role as a method to support hypotheses, claims and decisions made in a research study. Therefore, proper usages are needed to ensure the decision obtained is unbiased.
III. INTERPRETATION OF SEQUENCE LOGO
A. Biases in decision making
Scientists in biotechnology or medical fields often rely on evidence to interpret certain results either in comparing the species relationships or identifying certain diseases. It is critical to have correct decision without biases. In the decision making process, some factors such as experience, time pressure, unusual situation, number of cues could influence the user into certain decision [17] . There are several types of human biases which might lead to unintended decisions. Reference [18] mentioned a few common biases in making judgments confirmation bias, availability bias and excess focus on certainty. Sometimes users tend to pay attention to a limited number of cues in the visualization that leads to ignoring of possible important information. In addition, confirmation bias might occur causing the user then to focus only on the cues that are confirmed. The disconfirmed cues could be somehow important for the visualization [17] .
Reference [19] studied the de-biasing approaches of using a graphical layout rather than with a text baseline to help in decision making for intelligence analysis; for example in medical and military decisions. By using graphical visualization, experts are able to provide a more balanced and less biased selection [19] . It emphasized and confirmed the needs and importance of using graphical visualization rather than only showing complex information for decision making.
B. Usability of the output
In Bioinformatics, the ultimate goal is to produce accurate and usable visual representations that help the users to understand the complex relationships efficiently and allocate their attention to the critical information [20] . Usability is essential in three areas: (a) presentation of data; (b) interaction with data; and (c) usability of the data. Data set clustering, viewpoint manipulations and additional control for details were suggested to improve the usability [21] . Reference [22] also investigated the usability aspects of visualization techniques on user decision making. The usability of Human-System Interpretation tools taxonomy was derived. Information visibility, interface logical flow, memory load, human errors, and so on, contributed to the overall usability of the system. Visualization displays should not solely depend on static information. The user should be able to interact with the data with more controls, for example, adding and reducing information display, categorizing information, comparing visualization outputs, allowing collaboration, and use interactive output details [22] .
IV. METHODS
A. Document Analysis
We wanted to understand how researchers used sequence logos in published articles. We randomly selected 20 quality journal articles published in year 2000 onwards. They were loosely grouped into computational or biological analysis articles. We reviewed the following items for each article: (a) kind of research study; (b) purpose of study; (c) purpose of logo use; (d) claims derived from logo; and (e) whether additional information was used to support claims.
From our reviews, Figure 2 illustrates a typical process of a sequence logo being used in making decisions or claims regarding the hypothesis in the research study. As can be seen, the sequence logo was generated from the motif profiles obtained from biological wet-lab analysis or a computational tool. This illustrates how a sequence logo may serve as a critical tool for decision making. From sequence logos the claims/decisions/conclusions derived were used to support the hypothesis in the methodology used.
The following are our major findings from the document analysis.
1)
We found that the use of sequence logos for result presentation in biological analysis articles is more accurate because the researchers are usually focused on a single TF analysis in their study (e.g., [14] [15] ). The researchers usually have expert knowledge regarding which characteristics of motifs to expect. Therefore, the claims made are based on the clear analysis of the motif profiles they discovered (e.g., the type of motif profile to expect should conform to the protein binding domains). Also, in addition to visualization, texts are included in all reviewed articles to discuss the justification of their judgement. Quality of the reported motif profile is often supported by statistical significance value or additional biological data [15] .
2) In computational analysis, we found frequent biases in the comparison of results using sequence logo to visualize predicted motif profiles. The bias was caused by the use of sequence logo to claim by article authors that their proposed tool performed better than others in evaluation study. The claims were made after they found their tool had higher success rates in discovering motif profiles that are similar to the annotated profiles. From our document analysis, the following words were used by researchers to indicate the similarity between two sequence logos: resemblance, corresponded, like, similar, as (previously indicated), agreement, and identical. Adjectives such as "strong", "relatively", "near", "good", and "remarkably" were used to indicate the degree of similarity.
Biases in decision making happened because a sequence logo does not carry adequate information so objective claims could not be made. For example, in [23] , the authors claimed that different tools AMADEUS, WEEDER and TRAWLER performed equally well because they accurately discovered the CREB-like motif profile. But closer examination reveals flaws in this claim. First, the sequence logo does not "show the binding sites" predicted by each tool and therefore cannot determine the quality of the motif profile obtained. For instance, if one tool returned 100 sites and another 50, and both show quite similar motif profiles, which one has performed better? From the visualized logos, we can only claim that a tool can discover a true motif profile but cannot claim on its effectiveness. Secondly, the quality of the predicted motif profile was not further evaluated in any other way.
The sequence logo was not designed to allow easy comparison of similarity between two logos without some expert knowledge regarding the motif under study. Hence, decision based on visual comparison is prone to error and subjectivity. In addition, different users have rather distinct "sets of heuristic rules" when comparing two sequence logos. Therefore, the success rates of a tool based on visual inspection is flawed. Figure 3 shows an example of two logos reported in [5] .
The authors claimed that their proposed tool has successfully discovered the real motif profile. However, closer examination of these two profiles reveals that, despite having the same most frequent symbol in most of their aligned positions, they have quite distinct conservation levels. Therefore, this illustrates that define a successful discovery of true motif profile can be subjected to bias interpretation. Also the use of "true sequence logo" discovery rates as demonstration of the effectiveness of a tool is a very weak support criterion because it correlates weakly to the actual sensitivity and specificity rates. For example, in Figure 3 , we can see that the predicted motif profile has apparently clear high false positive or negative hits.
3) Non-comparable comparisons. We found that some articles compared sequence logo to non-compatible motif representation methods such as consensus string or frequencies plot [5, [24] [25] . This kind of comparison could be misleading because they carry different amount and type of information. Also, authors are unable to fully utilize information in a sequence logo for comparison purposes.
4) Expert knowledge is needed. In computational analysis, some salient features of a motif might not be known to researchers. It seems in computational analysis, researchers' analyses are mostly based on the most frequent symbols in each position of a motif profile to make justification that it is similar to the annotated ones. Other less apparent features could be of importance as well but were often ignored. 5) Supporting confirmation. People's visual perception is far from complete. Hence, comparing two visualized sequence logo is a very subjective task and depends on experience, background knowledge and perception. Scientific findings that are based solely on visual interpretations are not reliable nor systematic. It is necessary to support those arguments with quantitative data. From our analysis, a majority of the articles did support quality of the discovered motif profile using some additional information such as statistical significance test or foot-printing data. In biological transcription factor analysis, they usually employed a wet-lab technique to verify the functional of some of the predicted binding sites. Such verification is desired because it strongly supports the usefulness of a proposed analysis methodology.
B. Interview with Subject Matter Experts
Interview sessions were conducted with subject matter experts (SME) in Bio-technology to further understand the user needs and existing problems of sequence logo visualization.
1) Demographics of Interviewed Users
Two SMEs participated in the interviews, in two one-to-one sessions for each SME. Each session was roughly about 1.5 hours. The first SME is a researcher specializing in the forest genomics and tree improvement. He has been involved in the field for more than 15 years. Currently he is studying the genome of a tree species which produces best wooden surface for furniture. The species will be selected for cultivation later. The second SME specializes in identifying RNA signatures of harmful algae systems and toxicology. She has been involved in the field for the past 10 years. Her research contribution is more towards studying the harmful algae species that could produce toxin in the sea or other living species in the sea.
2) User needs
The SMEs, in different fields appeared to have different needs for the sequence visualization. SME 1s goal was to find the best gene through the comparison of different DNA in a species. Detailed information on genes alignments, bits, bases, and the like, is important to select the best genes. Normally if a set of good visualizations is provided, comparison analysis could be performed within one to two minutes. Thus, more information is needed compare to the sequence logo example that we provided for discussion (as shown in Figure 1 ). SME 2s goal was to understand the RNA molecular relationship for poison algae. A bundle of sequence logos will be compared in a glance. Therefore, the SME 2 did not need to have much information displayed. In fact, the output sequence logo needed to be as simple as possible so that the signatures of a motif could be observed easily. Based on the reports generated, we observed that the SME 2 group needed to compile and rearrange the results manually as the sequence logo system did not provide such an option.
3) Existing problems occurring
Throughout the interview sessions, some problems found in relation to the research needs were documented: inflexibility in information customization: Existing sequence logo might not be able to suit the user needs as different users would require different specification for the information displayed. (b) lack of the information needed: Certain information users would still need to manually key in the report relevant to the sequence visualization generated. This could be a tedious job for the user. (c) difficulties for novice users: SME 2 mentioned her students were always facing problems in aligning the RNA sequences to generate the correct sequence logo; and (d) lack of interactivity: Not much interactivity provided for the user on this existing system.
V. DISCUSSIONS AND FUTURE WORK
Sequence logo has been very useful to visualize the signature of a TF motif. However, our document analysis revealed that researchers have a tendency to misuse it in making judgments on results obtained from computational transcription factor analysis. Two main reasons caused the biased judgments: (a) a sequence logo can only display summarized information of a motif to ease motif signature pattern identification but this does not imply anything about the quality and quantity of binding sites used in constructing a motif nor does it show the quality of the motif when one has no expert knowledge of the motif under study; (b) researcher interpretation tends to be biased toward favouring their empirical results. Therefore, they would misuse the sequence logo as a tool to make very subjective claims.
As stated in [26] , making people aware of biases associated with decision making will not mitigate them. However, requiring people to offer alternative hypotheses for an observation would reduce the degree of biases [26] . Hence, it is necessary to use a suitable decision model when employing sequence logo to support decision making or claims in a scientific study. Our study also found that current sequence logo has some limitations in its usefulness to support more objective analysis activity such as comparing the motif signatures or highlighting the similarities or differences between two logos. Definitely, improvements on motif profile visualization are necessary in order to reduce the biases in serving as decision making tool. This study has gathered indepth understanding and the special needs for targeted users. Some of the criteria below will be investigated and input into the next stage of study to propose a newly enhanced interface to the users: (a) the system should provide flexibility in features or output information customization to cater to most users; (b) the system needs to provide more options especially for important information, e.g., position, species name, etc. to be displayed. Besides, automated report generation for comparison study will be more helpful to the user than the existing system whereby significant manual compiling works needs to be done; (c) the system (if possible) should provide alerts to the user, especially the novice user on the comparison position to avoid making doing wrong comparisons; (d) the system could add extra-interactivity features to enrich the user interaction e.g. pop-up details for certain bases.
This study has provided us with a preliminary input for the existing usability issues found on the sequence visualization system. The next stage of study will involve more detailed feature comparison on interface design itself, e.g. optimal height differentiation, color standards, layout, etc., including design and development of new enhanced interface for the users.
